The search for new pharmacologically active agents obtained by screening natural sources such as plant extracts has led to the discovery of many clinically useful drugs that play a major role in the treatment of human diseases. Based on the ethnobotanical communication, Coronopus didymus LINN (Family: Bracicacea) was selected for the study. Coronopus didymus (CD) has been in use as folk medicine to treat allergies and wounds in Karnataka, India. CD has been reported to contain benzyl cyanide, 1) glucotrapaeolin, a glucoside of benzyl isothiocyanate, 2) 1,8-dihyroxy anthraquinone at a concentration of 0.003%
albino mice (weighing 25-30 g) were obtained from Central Animal House, Department of Pharmacology, Kasturba Medical College, Manipal. The animals were kept at 25Ϯ1°C and 45-55% relative humidity with a 12 h light/dark cycle. They were fed with standard laboratory diet (Lipton Rat Feed, Bombay, India) and water.
Preparation of Aqueous Extract The aqueous extract of CD was prepared by boiling about 200 g of the plant in water (1 l), and concentrated in vaccuo to a semisolid consistency (yield: 20 g). The extract was subjected to various phytochemical tests. The extract on suspension in methanol yielded a solid material, which was filtered out (compound C 1 ). The filterate was subjected to paper chromatography (Whatmann No. 1; ascending (25Ϯ2°C); 15% acetic acid; visualization: exposure to ammonia vapour).
Characterization of Extract by HPLC The separation was carried out on a reverse phase column (RP C-18 column; Luna, Phenomenex, U.S.A.; 250 mmϫ4.6 mm; particle size 5 mm) using gradient elution (Hossinzadeh et al., 2002) . Gradient was performed using 0.3% triethanolamine pH 3.0 and acetonitrile at a total flow rate of 1.0 ml/min; gradient composition (min, % acetonitrile): 0, 10; 0.01, 10; 3, 10; 7, 20; 10, 50; 12, 50; 13, 90; 20, 100; 25, 100; 30, 10; 35, 10. The extract was dissolved in distilled water and the eluent was monitored at 270 nm.
Anti-allergic Activity a. Sheep Serum Induced Mast Cell Degranulation Method: Wistar rats were sensitized by injecting subcutaneously 0.5 ml of sheep serum along with 0.5 ml of triple antigen containing 20000 million Bordetella pertusis organisms.
5) The sensitized rats were divided into 4 groups of 6 animals. Group I served as control and received double distilled water (DDW) orally. Group II served as standard and received ketotifen fumarate 1 mg/kg/d orally. Group III and IV received aqueous extract of CD (200 and 400 mg/kg/d orally) respectively. The treatment was continued for 14 d. During the course of treatment the animals were maintained under the controlled conditions of temperature, and were fed with standard diet and water given ad libitum. On the 14th day, 2 h after the assigned treatment, the rats were sacrificed and the intestinal mesentery was taken for studies on the mast cells.
The mesenteries of the sacrificed rats along with pieces of intestine were kept in Ringer-Lock solution at 37°C (NaCl, 9.0 g; KCl, 0.42 g; NaHCO 3 , 0.15 g; Glucose, 1.0 g/l of distilled water). The mesenteric pieces were challenged with 5% sheep serum for 10 min and then transferred to a wide mouthed bottle containing 10% formalin. The mesenteric fans were fixed, dried and stained with thionin (0.25%) on a clean slide. The excess stain was washed with distilled water followed by dehydration in absolute alcohol. Finally the slides were cleared in xylene and mounted in diphenylpthalein xylene and examined microscopically for the number of intact and degranulated mast cells in at least ten randomly selected high power fields.
b. Compound 48/80 Induced Mast Cell Degranulation Method: Wistar rats were divided into 5 groups of 6 animals. Group I served as control and received DDW by oral route. Group II served as standard and received ketotifen fumarate 1 mg/kg/d orally. Group III and IV received aqueous extract of CD (200, 400 mg/kg/d orally) respectively, for 7 d. On day 7, two hours after the assigned treatment the peritoneal fluid was collected and the mast cells were isolated as described below. 6) The rats were anaesthetized with ether and 10 ml normal saline solution was injected into the peritoneal cavity and the abdomen was gently massaged for 90 s. The peritoneal cavity was carefully opened, and the fluid containing peritoneal mast cells was aspirated and collected in siliconised test tubes containing 7-10 ml of RPMI-1640 medium (pH 7.2-7.4). The mast cells were then washed thrice by centrifugation at low speed (400-500 g) and the pellets of mast cells were taken in the medium. The mast cells suspension (approximately 1ϫ10 6 cells/ml) was challenged with 1 mg/ml of compound 48/80 and stained with 1% toluidine blue and observed under high power microscopic field (450ϫ). The number of intact and degranulated cells was counted at least in ten different randomly selected high power fields.
Antipyretic Activity The rectal temperature of rats 1 h after 18 h starvation (i.e., at 19th hour after starting the starvation) was recorded and animals having temperature between 37.5°C and 38.5°C were selected for the test. The animals were injected intramuscularly with 1 ml of 20% suspension of Brewer's yeast in 0.9% saline.
7) The animals developing 0.5°C or more rise in the rectal temperature 18 h after injection were divided into 4 groups of 6 animals each. One group served as control and other groups received paracetamol (33 mg/kg) and aqueous extract of CD (200, 400 mg/kg). The rectal temperature was recorded at 0, 1, 2 and 3 h after administration of the test drugs and compared. Percentage reduction in rectal temperature was calculated using following formula.
8) The total fall in rectal temperature from the elevated to normal level was considered as 100%.
percentage reduction Hypoglycemic Activity a. In normal Mice: The mice were divided into 4 groups of 6 each after an overnight fast. Blood was collected (0 h) from retro-orbital venus plexus and the aqueous extract of CD (200, 400 mg/kg) and glibenclamide (50 mg/kg) were fed to these mice through a metal canula attached to a hypodermic syringe. Control group received DDW. Blood samples were collected 2, 4, 6 and 10 h after the administration of drugs.
9) The estimation of glucose was done using a glucometer (Accutrend Alpha, Borrheinger Mannham, U.S.A.).
b. In Diabetic Mice: The mice were made diabetic by a single intraperitoneal injection of streptozotocin (150 mg/kg). The fasting glucose level was determined 72 h postinjection. After starvation for 18 h, mice with blood glucose level above 300 mg/dl (0 h) were randomly divided into 4 groups of 6 animals each. Groups 1 and 2 received 200 and 400 mg/kg of aqueous extract of CD orally. Group 3 was given the reference drug glibenclamide; Group 4 received 0.2 ml of DDW. Blood samples were drawn from retro-orbital venus plexus after 2, 4, 6 and 10 h of treatment for the determination of blood levels of glucose.
9)
Hepatoprotective Activity The rats were divided into 5 groups of 6 animals each. Group I and II were given DDW. Groups III, IV and V were treated orally with 50 mg/kg of silymarin, 200 and 400mg/kg of aqueous extract of CD respectively for six consecutive days. On the fifth day, except group I, all other groups were given CCl 4 (2 ml/kg, in 50% dilution with olive oil) and group I was given equivalent of olive oil only. On seventh day (i.e. after 48 h of CCl 4 administration), blood was collected from retro-orbital venus plexus and the plasma was separated by centrifuging the blood at 3000 g for 10 min. Plasma was analysed for alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels using Autoanalyzer (Hitachi-911, Japan). The rats were sacrificed and liver was taken out. The homogenate of liver (10%) was prepared in ice cold KCl solution (1.15% w/v) using a Teflon homogeniser. A part of the homogenate was used for estimation of glutathione.
10) The remaining homogenate was centrifuged at 4000 g for 10 min to remove nuclear fraction. The supernatant was used for the estimation of lipid peroxide 11) and total protein levels.
12)
Free Radical Scavenging Activity a. Scavenging of DPPH Radical: To the ethanolic solution of DPPH (0.05 mM) an equal volume of the aqueous extract of CD in phosphate buffer (pH 7.4, 20 mM) was added at various concentrations (10-250 mg/ml) in a final volume of 1.0 ml. An equal amount of phosphate buffer was added to control. After 20 min, absorbance was recorded at 517 nm. 13) b. Scavenging of Superoxide Radical: Superoxide was generated using xanthine-xanthine oxidase system and measured by reduction of nitroblue tetrazolium. The reaction mixture containing various concentrations (10-250 mg/ml) of extract, xanthine oxidase (0.001 units), nitroblue tetrazolium (300 mM), xanthine (200 mM) and phosphate buffer (pH 7.8, 20 mM) in a final volume of 1.0 ml was incubated at 25Ϯ1°C for 20 min. The absorbance was measured at 560 nm. 4) The difference in absorbance between test and control was taken and expressed as % scavenging of superoxide radical.
Statistical Analysis The statistical evaluation of the data was done by ANOVA using Graph PAD Instat Software and p value less than 0.05 was considered to be significant.
RESULTS

Chemistry of Aqueous Extract
The compound C 1 was identified as potassium nitrate on systematic qualitative inor- Table 1 . There was a significant dose dependent protection against mast cell degranulation with aqueous extract of CD. The percentage of intact mast cells observed for aqueous extract (400 mg/kg) was 63.79Ϯ1.22 and 61.36Ϯ 3.09 against sheep serum and compound 48/80 respectively. Antipyretic Activity The results of effect of aqueous extract of CD on yeast induced pyrexia in rats are depicted in Table 2 . The extract produced significant antipyretic effect in a dose dependent manner. The antipyretic effect noticed at a dose of 400 mg/kg was comparable to paracetamol.
Hypoglycemic Activity The results of hypoglycemic effect, in normal as well as in streptozotocin induced diabetic mice, of aqueous extract of CD are shown in Tables 3 and 4 , respectively. Streptozotocin produced moderate to severe hyperglycemia in mice (300-600 mg/dl). The animals with 300-500 mg/dl blood glucose levels were used for the antihyperglycemic study. The extract produced a significant hypoglycemic and antihyperglycemic activity in dose dependent manner, comparable to glibenclamide.
Hepatoprotective Activity As shown in Tables 5 and 6 , there was a drastic impairment in the hepatic functions after 48 h of CCl 4 administration, which was indicated by elevation in plasma AST, ALT and hepatic lipid peroxide levels. Aqueous extract of CD (200, 400 mg/kg) significantly reversed these changes and was comparable to that of silymarin. It produced a significant increase in the protein and GSH levels and decreased the lipid peroxide levels compared to CCl 4 control.
Free Radical Scavenging Activity Table 7 shows the effect of CD in scavenging DPPH and superoxide radicals, respectively. CD scavenged the DPPH radical in a concentration dependent manner (10-250 mg/ml), while the scavenging of superoxide reached saturation at a concentration of 150 mg/ml.
DISCUSSION
In our earlier study, 4) the animals showed good tolerance to aqueous extract of CD and a dose as high as 2 g/kg was found to be lethal. Hence 200 and 400 mg/kg doses (1/10 and 1/5th of lethal dose) were selected in the present study. The preliminary phytochemical screening showed the presence of flavonoid glycoside, saponins and tannins. The isolated compound, C 1 , was identified as potassium nitrate.
In the antiallergic activity, aqueous extract of CD was found to inhibit the degranulation of mast cells induced by non-immunological and immunological stimulus. Agents (Compound 48/80), which cause the release of mediators, from mast cells, act by alteration of the cell membrane structure leading to increase in permeability and consequent release of mediators from the cell granules.
15) The extract may act to stablilize the membrane and, hence, inhibit the degranulation of mast cells. The flavonoids, kaempferol and quercetin, have been proved to be antiallergic compounds. 16) Prabhakar et al. 4) reported the presence of two flavonoids, chrysoeriol and chrysoeriol-6Љ(OAc)-4Ј-b-D-glucoside in the ethyl acetate fraction of CD. Also, chemistry of aqueous extract showed the presence of flavonoid glycoside. It is quite possible that these components may contribute to the anti-allergic activity manifested.
Aqueous extract of CD produced significant antipyretic ef- fect in a dose dependent manner. Flavonoids present in the extract may be responsible for antipyretic effect as they have been reported to reduce increased body temperature in many earlier studies. 17, 18) An earlier study reported that an increase in the body temperature is associated with elevated lipid peroxide levels, suggesting that pyrexia is associated with increased oxidative stress. They also reported that antioxidant supplementation decreased the lipid peroxidation processes, 19) thereby reducing the body temperature. In the present study, the extract showed significant antioxidant activity, which may be one of the possible mechanisms for observed antipyretic property of CD (Tables 6, 7) .
The extract showed significant hypoglycemic activity in normal and diabetic mice in a dose dependent manner. This may be due to the presence of various constituents like saponins, flavonoids and tannins. In many studies the hypoglycemic effect of these agents is already well documented. They have been reported to potentiate plasma insulin effect by increasing the pancreatic secretion of insulin from bcells [20] [21] [22] and/or may increase the peripheral uptake of glucose.
23) The extract also exhibited significant free radical scavenging activity, as evidenced by its ability to react with DPPH and superoxide radicals (Table 7) . Free radicals are generated under various pathological conditions including hyperglycemia and hence diabetes is generally associated with increased oxidative stress. 24, 25) The present results demonstrate the antioxidant activity of the plant may also be responsible for the antidiabetic activity. However further studies are necessary to find out the exact mechanism.
Hepatotoxin (CCl 4 ) produced marked liver damage, which was evidenced by substantial enzymatic changes in serum and liver samples. CD (200, 400 mg/kg) significantly reversed the CCl 4 induced changes, and the results were comparable to that of silymarin (standard). The hepatoxin elevated levels of AST, ALT and hepatic lipid peroxides were markedly reduced and depleted hepatic GSH levels were partly restored by the extract. The ability of CD to show significant protection against lipid peroxidation indicates a strong antioxidant property.
It is a well documented fact that most medicinal plants are enriched with bioflavonoids, which have antioxidant activity. CD is one such plant containing bioactive flavonoids 4) which are reported free radical scavengers and antioxidants. 26) Flavonoids as antioxidants exhibited several biological effects such as anti-hepatotoxic, anti-inflammatory, antiallergic, antidiabetic and antipyretic actions. 16) In conclusion, the aqueous extract of whole plant of Coronopus didymus LINN exhibited significant antiallergic, antipyretic, hypoglycemic and hepatoprotective activities in animal model. The presence of flavonoids, saponins and tannins in CD might be responsible for the biological activities of the extract in this study. 
